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Abstract
This paper addressesthe problemsassociateowith the integrationof data between
incongruentboundarysystems.Currently,themajorityof spatialboundariesaredesignedin
an uncoordinatedmannerwith individualorganisationsgeneratingindividualboundariesto
meetindividualneeds.As a result,currentechnologiesfor analysinggeospatialinformation,
suchasgeographicinformationsystems(GISs),arenotreachingtheirfull potential.
In respo~seto theproblemof uncoordinatedboundaries,theauthorspresentanalgorithmfor
thehierarchicalstructuringof administrativeboundaries.This algorithmapplieshierarchical
spatialreasoning(HSR) theoryto the automatedstructuringof polygons.In turn, these
structuredboundarysystemsfacilitateaccuratedataintegrationandanalysiswhilstmeeting
thespatialrequirementsof selectedagencies.
The algorithmis presentedin two parts.The firstpartoutlinespreviousresearchundertaken
by theauthorsintothedelineationof administrativeboundariesin metropolitanregions.The
secondpartoutlinesthedistinctlydifferentconstraintsrequiredfor administrative-boundary.
designin ruralareas.The formalisationof thealgorithmhastakenplacein a GIS environment
utiiisingAvenue,an object-orientatedprogramminglanguagethatoperatesunderArcView,
thedesktopsoftwaredevelopedanddistributedbyESRI.
1 Introduction
Spatialdatainfrastructure(SDI) is aninitiativeintendedtocreateanenvironmentforeasyand
secureaccessto completeandconsistentdatasets(Rajabifardetal.,2000).Onefundamental
problemrestrictingtheobjectivesof SDI is thefragmentationof databetweenincongruent
boundarysystems.Essentially,this problemhasoccurredbecauseorganisationshistorica11y
handdraftedthe majorityof boundarieson hardcopymaps.With advancesin tech,nology,
thesehand-draftedmapshavebeendigitisedfor incorporationinto GIS, a technologyfor •
whichtheyhavenot beenadequatelydesigned.As a result,administrativeboundariesarea
productof theera in which theyweredevelopea,andchangeis now requiredto meetthe
needsof geospatialinformationanalysts.To achievethis goal, new methodologiesfor
administrativedesignarerequired.
In responseto theproblemof incongruentboundaries,thispaperfocusesonprovidinga new
genericmodel,basedon hierarchicalspatialreasoning(HSR) theory,for thedelineationof
adminisv-ativeboundaries.In the past, the authorshave focussedon the design of
administrativeboundariesin metropolitanregions(Eaglesonet al., 2002); however,as
Haslam-McKenzie(2001)highlights,theproblemof incongruentboundariesin ruralregions
is heightenedby the large variationin boundarysizes. For example,sma11-areacensus
polygonsin ruralregionsaregenera11ymuchlargerthanthosein urbanareas.As a resultof
the largevariationin the physicalsize and shapeof rural boundaries,they are an odd
assortmentof "buildingblocks"tomakecomparisonswithnon-censuspatialunits.Therefore
this researchaimsto introducea hierarchicalmodelto aid in thetransparencybetweendata
layers- both horizonta11ybetweenagenciesand verticallybetweenlayers in the rural
administrative-boundaryhierarchy.
In presentingthenew modelfor administrative-boundarydesignin rural regions,thepaper
expandson both the theory and technicaldesign of administrative-boundary-hierarchy
researchpreviouslypublishedby theauthors(Eaglesonetal., 2002).The paperincorporates
the propertiesof zero- and one-dimensionalhierarchicalstructures,embeddedwithin the
proposedthree-dimensionaladministrative-boundaryhierarchy.This new modelmustalso
strikeabalancebetweentheincreasinggeospatialrequirementsof GIS usersandthebusiness
rulesof selectedagenciesin therurallandscape.
2 The spatial-hierarchyproblem
Administrativeboundariesare frequentlyused for the display and analysisof spatial.
information.Health, wealth and populationdistributionsare a11examplesof spatial
informationcommonlyattachedto administrativepolygons.Therearenumerousadvantages_
in usingadministrativeboundariesfor thecollectionandco11ationof data.For example,once
the·administrativeboundariesareestablished,thedatais easilyco11ectedandefficienttostore.
Evenin thelightof technologicaladyancementsin usingotherformsof geographicdata,such
asaddresspointandline data,thesedatastructuresarestill relativelyexpensiveto produce,
difficult to manipulateand requirelarge amountsof memoryto store (Rajabifardand
Williamson, 2001). Many organisationsare thus utilising establishedpolygon-based
administrativeboundariesas a basefor theco11ectionandcollationof spatialdata.As the
majority.of differentagencyboundariesareincongruent,however,whentheboundariesare
superimposedthey do not coincide.As a result,dataremainsfragmentedbetweenthe
differentadministrativeunits and technologiesfor analysingthe data attributedto the
administrativeboundariesuchasGIS arenotabletoutilisethedatato itsfull potential.
Spatialhierarchy:thecurrentsituation
Figure 1. Current hierarchicalspatial structures:the problem
Figure 1 illustratesthe spatial-hierarchyproblemwhereeach agencyuses the common
baselayer(ie.landparcel)toestablishadifferentsizeor shapeof administrativeunit,basedon
theiruniquerequirements.In tum,eachagencyaggregatestheiradministrativeboundariesin
a hierarchicalfashionacrossthe state.Data integrationis possiblefor eachorganisation;
however,statisticalapproximationsmustbeemployedto facilitatethecrossanalysisbetween -
the.incongruentboundariesofdifferentagencies(Eaglesonetal.,2002).
3 Current solutions to facilitate data transfer between incongruent boundary
layers
Although incompatibleboundaryunits restrictGIS analysis,GIS technologyis proving
valuablein theformulationof solutions.As detailedbelow.lresearchershaveinvestigatedata
interpolation,derivedboundariesanddataaggregationtechniques,eachaimedatalleviating
problemsassociatedwith collectingand analysingdataattachedto incongruentboundary
systems.
3.1 The first solution: datainterpolation
Interpolationis a widelyresearchedtechniqueinvolvingthetransferof attributedatabetween
incongruentboundary systems.Data interpolationmethodsoften utilise mathematical
algorithmswithin the GIS environmentfor the transferof datafrom the boundarieson a -
sourcemapto boundariesona targetmap(Goodchild,etal. 1993;Martin 1998;Trinidadand
Cráwford1996).Althoughtheinteq)olationprocessappearstoprovidea validsolutionto the
problem,manyassumptionsaremadethroughouttheprocess.One,ofteninvalid,assumption
is thatthedistributionofvaluesin thesourcemapis constant(Goodchild,etal. 1993).
In an effort to increasethe accuracyof interpolation,and minimise the numberof
assumptions,supplementarydatasuchasroadnetworks,land-usemaps,satelliteimageryand
administJ"ationboundariesareoftenusedas"control"for theinterpolationprocess.Although
interpohitiontechniquesarevaluablefor providinga basisfor analysisnotcurrentlypossible
ona singleboundarylayer,theerrorsandassumptionsinherentin thetechniquesresultin a
lessthanoptimumsolution.
3.2 The second solution: derivedboundaries
In an attempto makedatareadilyusable,someorganisationshavecreatedderived
boundaries.Derivedboundariesareformedthroughtheaggregationfagencyboundariesthat
approximatelynestwithin morepubliclyrecognisableadministrativeunits.One prime
exampleis thederivedpostcode,whereforoperationalreasonstheAustraliaPostpostcode
boundariesdo not necessarilymatchtheAustralianBureauof Statistics(ABS), census +
collectiondistrict(CCD)boundaries.In recognitionof theseparatefunctionsundertakenby
theseagencies,the ABS aggregatesCCDs to'approximatetheAustraliaPostpostcode
boundariestherebyproducingABS derivedpostalareas.Discrepanciesbetweenthe
boundariesof thesetwo postal'zones'caneasilyarisesincethe two systemsarenot
coordinated.The derivedpostalareasmaybe quitedifferentfromtheactualpostcode
boundariesbothin termsof shapeandarea(SeeFigure2).Thetwosetsof spatialentities
(postalzones)areneverthelessgiventhesameidentifierbytheagencies,consequentlyleading
tothemjsinterpretationof databyusers.If usersremainuninformedaboutheoriginof the
databoundaries,ubsequentdecisionswill notbewellsupported.A discussiononthisissue
canbefoundinJones,Eagleson,EscobarandHunter(inpress).
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Figure 2. An iIIustrationof two incongruentboundarysystems: Australia Post postcodes
and ABS postal areas (derivedpostcodes), (Eagleson et al. 2001).
3.3 The third solution: aggregation
A thirdmethodfor thedisseminationof datasetsacrossincompatibleboundaryregionsis the
aggregationof pointandpolygondata.
Point aggregation
The aggregationof pointdatarequiresdatato be storedat eachparcelor addresspointand
whenrequiredaggregatedto a differentspatialunit. Althoughthe processof aggregation
accuratelysolvesthe problem,otherproblemsexist.First, this solutionis not viable in
Australiaandmanyothercountries,primarilydueto stringentlawsprotectingconfidentiality.
For instance,oncehouseholddatais coIlectedby theABS, it mustbeaggregatedto theCCD
boundaries(approximately220 households)and the individualhouseholddatadestroyed
(ABS, 1996;Blanchfield,2001).If confidentialityis notguaranteed,it is probablethatpeople
wiIl not completecensusformstruthfuIly,degradingtheaccuracyandreliabilityof census
informationforplanningpurposes.
Second,a largequantityof storagespaceis requiredto storedataassociatedwith individual
land parcels,and each aggregationof datato new boundarieswould be extremelytime
consumingand costly. AdditionaIly,problemssuch as differencingexist when data is
aggregafedto a numberof differentboundaries.As Duke-WilliamsandRees(1998)explain,
if polygonscontainingconfidentialinformationareoverlapping,in somecircumstancesit
may be possibleto subtractone set of polygonsfrom the otherto obtainstatisticsfor
subthresholdareasthusbreachingconfidentiality.
Polygon aggregation
Theaggregationof polygondatainvolvesthereaggregationof existingunitsintonewspatial
units,moresuitablefor specificanalysistechniques.For example,Openshaw(1977)devised _
theautomated-zone-designprogram(AZP) for investigatingthemodifiableareaunitproblem
(MAUP). With the introductionof new technology,digitaldataand improvedalgorithms
duringthe 1990s,AZP was furtherrefinedandextendedformingthe zone-designsystem
ZDES (Openshawand Rao, 1995;Openshawand Alvandies, 1999).These zone design
systemsaIlow the data analystthe freedomto startwith data at one scale and then
reaggreagateit to createa newsetof regionsdesignedto be suitablefor a specificpurpose,
independentof the collectionboundariesused(Openshawand Rao,1995).If theseinitial
bound~es are not designedas layerswithin a hierarchy,however,the problemof data
integrationbetweenoverlappingpolygonsremains(Eaglesonetal,2002).As analtemativeto
theabove-mentionedinterpolation,derivedboundaryandaggregationapproaches- which
eachhaveproblemsassociatedwithconfidentiality,accuracyandcost- thispaperproposes
theadoptionof anHSR-basedmodelfor theredesignof administrativeboundaries.
3.4 The proposed solution: boundary reorganisation
The solutionproposedwithin this researchinvolvesthereorganisationof boundariesintoa
structuredsystembasedon HSR theory.The modeladoptsa commonbaselayerto build -
individualhierarchicalsystemsbasedon the propertiesof HSR. Figure 3 illustratesthis
approach.Eachagencyhasspatialunitsthatfulfil theirindividualrequirementsatthesmallest
scale,yet whenaggregated,one commonboundaryis formed.Once containedwithin the
secondlayer,datais easilytransferredandcrossanalysedby eachagency.Althoughthis
paperonly dealswith the integrationof two agencies,AustraliaPost and the ABS, it is
enoughtodemonstratetheconcept.
SpatialHierarchy:theproposedsolution
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Figure 3. Future hierarchicalspatial structures:the solution
3.5 Hierarchicalspatial reasoning(HSR) theory
HSR is definedby Car (1997)as thepartof spatialinformationtheorythatutilisesthe ~
hierarchicalstructuringof spaceforefficientreasoning.It isthroughtheworksofCar(1997)
forwayfinding,Glasgow(1995)forspatialplanning,andFrankandTimpf(1994)devising
theintelligentzoom,thatthistheoryhasbeenappliedin thespatialindustry.Consequently
HSR theoryhaspredominantlyfocusedonzero-andone-dimensionalstructuresto model
urbansystems(aspoints),roadanddrainagenetworks(aslines),andto a certainextent,
simplebi-dimensionalobjectsuchassquarepolygonsin quadtrees(Rajabifardetal 2000).
This researchpaperaimsto extendthepropertiesof HSR theoryto includetheunique
relationshipbetweenelementsand lower-orderhierarchiesinherentwithiri a three-
dimensionaldministrative-boundaryhierarchy.
Therearethreeglobalpropertiesinherenttohierarchiesthat
makethemadaptableto boundarydesignoThefirstof these
propertiesi part-wholOe(seeFigure4).Thispropertyrelates
directlytotherelationshipbetweenelementsaseachelement
withinthehierarchyformsapartoftheelementsonthelayers
aboveandalsoconstitutesa wholeof theelementsbelow
(Palmer, 1977). This propertyis directIy relatedto
administrativeboundariesaseachboundaryisformedthrough
thesuccessiveaggregationof smallerunitsto forma whole
administrativeunit.At thesametimetheadministrativeunit
only formsa part of the overallsystem.For example,
Figure4 : PartWhole
provincesarea "whole" madeoutof localitiesbut it constitutesa "part" if we look at the
wholecountry.
The secondpropertyis theJanus ejJect.This propertywas
first introducedby Koestler(1968)andis namedafterthe
Romangodwith two faces.(SeeFigure5) Each level in
the hierarchypossessestwo faces:one facingthe levels
below and one facing the levels above.In effect,each
administrationpolygonhastwo faces:onelookingto the
smallerunit fromwhichit is formedanda secondlooking
towardsthe larger administrationunits it supports.For
example,theCCD layerof boundarieshastwo faces:one
facingfue cadastralparcelsthatsupportit andonefacing
thestatisticallocalareas(SLAs) thatit supports.
Figure5: The Januseffect
The thirdpropertyis neardecomposability.This property
is relatedto fuenestingof systemsandis basedonthefact
thatinteractionsbetweenvariouskindsof systemsdecrease
as distanceincreases(Simon, 1973)(seeFigure6). Near
decomposabilityalsoappliesto administrativepolygonsas
administrativepolygons are often nested within one
anotherfromtheparee!basethroughtothenationalborder.
Additionally,fue relationshipbetweenelementsdecreases
withdistance.For exampleadjoininglandparcelsaremore I Figure6:Neardecomposability
likely to sharefue sameattributes,such as a common
boundaryandthesamepostaldeliveryservice.In contrastit is unlikelythattwo landparcels
locatedontheoppositesidesof thestatewill shareasmanycommonattributes.
The fourthproperty,embeddedness,relatesto thedevelopmentof a three-dimensionalspatial
hierarchy. Embeddednessimplies that each lower-dimensionalstructure is always -
al~ebraicallyandgeometrically"embedded"in thenexthigher-dimensionalstructure(Feltz,
2001).In thedevelopmentof administrativeboundaries,themodelis constructedbasedon
zero- and one-dimensionalhierarchicalstructures,such as the town and road network.
Consequently,the propertiesinherentwithin the town and road networkhierarchiesare
embeddedwithinthethree-dimensionaldministrativeboundaryhierarchy.
4 Incorporating HSR theory within a model tor the élutomateddesign ot
administrative boundaries
Duetothecomplexitiesof spatialentities,thereareoftenmanyaltemativesto thesimplestof
problems.The objectiveof HSR theory,therefore,is notto obtainan "optimum"resultbut
onewhichmeetsuserspecificationsateachlevelwithminimaleffort(Car 1997;Timpf and
Frank1997).
To beconsistentwithHSR theoryandthegeospatialrequirementsof administrativeagencies, -
it is envisagedthatthisalgorithmwill needtohavetheabilityto:
a. automaticallysubdividethe territoryin compliancewith the geospatialrequirements
stipulatedbytherelevantagency;and
b.. be reeursiveand re-applieableto the outputsin orderto producenew levelsof the
hierarehy(Eaglesonetal.,2002).
5 HSR-basedprototypedevelopment
In order to effectively integrateHSR theory and GIS teehnologyfor the design of
administrativeboundaries,amodelincorporatingtherequirementsof agenciesateachlayerof
the hierarchymustbe established.Hugo et al. (1997)havecompileddata(seeTable 1)
detailingcriteriafor establishingsmall-unitboundariesin anumberof countries.
Table1. A Iistof criteriausedor recommendedbysixcountriesforthedelineationof
basicspatialunits(BSUs)usedforthedisseminationof statistics
Criteria Countries
CFNSUZ
CFSUZ
CNSUZ
BSU mustnotcrossanyhigher-orderboundary
BSU boundariesmustbeclearlyshownon maps
NewlydefinedBSU boundariesmustbe as consistentas possiblewiththose
usedinpreviouscensus
4 BSU boundaries houldseparateouturbansettlementsfromrural CSUZ
5 BSU boundariesshouldconformtosomepopulationrange CNUZ
6 aSU boundariesmustbeclearlyvisibleontheground CUZ
7 BSU areasshouldnotbetoolarge NUZ
8 Road or communicationline shouldform centralarteryof BSU, bindingit CNS
togetherbygivingaccessibility
9 Largeruninhabitedareasmay/shouldformzeropopulationBSUs ZN
10 BSU should be homogeneousas possiblein their physicaland economic N
attributes
1
2'
3
11 BSU should form connected agriculturalareas suitable for agricultural N
planning
12 EachBSU mustconstitutea convenientcollectorworkload C
13 BSU aretoconsistof all polygonswhoseedgesareformedbytheintersection U
ofvisiblelinearfeatures
14 PhysicalbarriersIikeforests,ridgesetc.shouldbeusedas BSU boundaries S
15 BSU boundariesshouldbe chosento be acceptableto as,manygovernment S
departmentsas possible
C = Canada,F = Finland,N = Norway,Z = NewZealand,U = USA andS = Switzerland.
(Source:Rugoetal., 1997)
As expected,the eriteriavary betweencountriesdependingon their level of geoeodingof
individualpareelinformationandconfidentialityrestrictions(Hugoetal. 1997).Additionally, .
it hasbeeneonc1udedthatwithinthestudysiteof Victoria,Australia,metropolitanandrural
landscapesaredifferent,andas a result,so are'thebusinessrolesof the selectedagencies
operatingwithineaehof theseregions.Thusthefollowingseetionof thepaperhighlightsthe
differencesbetweenthesetwo landscapes,and the businessrules of the administrative
agenciesoperatingin theseregions.
6 A summary of the metropolitan boundary project
Previously,researchhasbeenundertakenbytheauthorsintothedelineationof administrative
boundarieswithin metropolitanregions(Eaglesonet al., 2002).This researchinvolvedthe
formalisationof businessrulesestablishedby twoadministrativeagencies(namely,Australia
Post and the ABS) within a prototypefor the automateddelineationof administrative
boundaries.
Due to theuniformdensityof thepopulationin metropolitanregions,roadcentrelineswere
usedto formmeshblocks·for theaggregationof boundariesaccordingto a rangeof agency
constraints.Theseconstraintswerebasedontherequirementsof AustraliaPostandtheABS
andinclude:
• Topographicbarriersareto bepreserved.Examplesof barriersincludelargeriversand
roadsthatmayobstructdeliverymechanisms.Additionally,theseboundariesoftendivide -
, differentcommunitygroups.Becausepreservingthe differencebetweencommunity
groupsis imperativeto manyplanningactivities,topographicfeatures,whichappearas
barriers,arepreservedwithintheprototype.
• In order to protectconfidentially,the ABS statesthat each CCD unit must cover
approximately200households(ABS, 1996).
• To facilitatedeliverymechanisms,it is importanthattheboundariesare in alignment
with theroadnetworkandareidentifiableon theground.Using themeshblockfor the
aggregationassuresthisconstraintis meto
• To ensureuniformityacrossthearea,it is importanthattheboundariesarecontiguous
andprovidecompletecoverageacrosstheareawithoutgapsoroverIaps.
• Although there is no formal definitionof boundaryshape,it was decidedthat the
boundarieshouldbeconstructedin amannerthatenabledthemtobecompactoTo ensure
the boundariesestablishedare compact,the modeltestseachboundarybasedon the
circularityindexdevisedbyTomlin(1992).
(Eagleson,etal.,2001).
In undertakingthis initial research,it becameapparenthatit is possibleto designa spatial
hierarchy of administrativeboundarieswithin the metropolitanlandscape;however,
metropolitanandrural landscapesarevery different.In directcontrastto themetropolitan
landscape,the rural landscapeis large, parce!sizes vary and roads often unite rural
communitiesinsteadof dividing them.Table 2 highlightssomeof the differencesin the
infrastructureof ruralandmetropolit~landscapesin Victoria.
* Meshblock:a spatialunitformedthroughtheintersectionofroad centrelinedata.
Table 2. Differences betweenthe ruraland urban landscape
Address pointdatabase:
Cadastral parcel size:
Large topographic features:
Administrativeboundary:
accuracy
Meshblock:
Roads:
Urban
Complete
Typically small
Dividecommunities
High
Uniform unitsize
Divide Communities
Rural
Incomplete
Highly variable
Unite and divide communities
Low
Variable unitsize
Unite Communities
7 The function of administrative agencies in rural environments
7.1 Australian Bureau of Statistics census collector district boundaries
In Australia,someorganisationsarecurrentlyutilisinghierarchicallyorderedunitsfor the .
collectionand disseminationof data.The ABS has defineda uniquehierarchyfor the
collectionof demographicdatacalled the AustralianStandardGeographicClassification
(ASGC). TheASGC dividesAustraliaintonumeroushierarchicallevelsto facilitatestatistical
functions.Theselevelsarebasedonsix interrelatedc1assificationstructures.Theseare:
• mainstructure;
• localgovernmentareastructure;
• statisticaldistrictstructure;
• statisticalregionstructure;
• urbancentre/localitystructure;and
• section-of-the-statestructure.(ABS, 1996)
The main, statistica1region and section-of-the-statestructureseach cover the whole of
Australiawith outgapsor overlaps.Theremainingstructurescoveronlypartof Australia.In
the.formationof the ASGC, the smallestof· the spatiallydefined units is the CCD.
Consequently,theCCD hasbeenusedin theaggregationof thesix c1assificationstructures
outlinedabove.Dueto theimportanceof theCCD in underpinningtheASGC hierarchy,this
researchincorporatesthisunitandthefirstaggregatedlayeroIthe hierarchy.
In designingCCD boundaries,therearea numberof specificcriteriathatareimperativeto
theireffectiveness- bothoperationallyandasdisplayunitsfor theanalysisof statisticsuch
aspopulation,income,healthandculture.To be effectiveas CCDs, it mustbe possiblefor
censuscollectorsto covertheentireareaof theCCD withina two-dayperiodoTo guarantee
confidentiality,eachCCD mustcontainan aggregationof approximately220 households
(Blanchfield,2001).To reachthis numberof dwellingsin theruralenvironmentis oftena
practicalimpossibility.However,in theseinstances,theABS imposesconfidentialityat the
processingstageby suppressinganycell thathaslessthanthreecontributors(Blanchfield,
2001). For example,in a tableof incomeby occupation,if therewereonly two teachers
withintheCCD theincomefor thisgroupwouldbesuppressed.
In additionto maintainingconfidentialityfor the CCD boundaries,to be effectivefor the
displayof demographicrelateddata,theboundarydesignmustensuretheheterogeneityof the
ruralpopulationcanberepresented.Onewaytoachievethisis throughtheappropriateuseof
roadcentrelinesfor delineation.In thepast,roadcentrelineswereusedin thedelineationof ~
CCDs, dividing rural communitiesof similar constitutionand combiningthemwith the
diverseouterruralregions.As a result,theoverallaggregationof populationstatisticsto the
demographicboundariesrevealshomogeneitybetweenunits,when in fact they are very
different.Thereforethedesignof CCD boundariesmustaim to reflecttheheterogeneityof
ruralcommunitieswhilstensuringconfidentialityrestrictionsaremaintained.
7.2 Australia Post postcode boundaries
AustraliáPosthasderivedpostcodeboundariesto facilitatethedeliveryof mail. The initial
allocationof postcodeboundarieswasona somewhatadhocbasis,andtheallocationmethod
variedbetweenstates.Today postcodesare(wherepossible)beingbroughtinto alignment
with suburbandlocalityboundaries.Postcodesareextremelyimportantadministrativeunits
as theyareoftenusedas a commonidentifierfor theaggregationandstorageof different
informationtypes.For example:"...withpostcodesyoucanlocatepeopleandseethehows,
wheresandwhysof markets,customersandprospects,competitors,prices,suppliers,routes
and profits. Postcodesneatlydefine convenientdemographiczones and are familiar to ~
everyone."(AUSLIG, 2000).
7.3 Summaryof rural administrativeboundaryconstraints
Whendefiningspatialboundariesit is importanthattheadministrationunitscreatedarenot
onlyfunctional,butmayalsobeusedfor thedisplayandanalysisof awidenumberof social
andeconomiccharacteristics.In an attempto meettheserequirements,in rural areasthe
followingconstraintshavebeenestablished:
• The primaryimportanceto eachagencyis thepreservationof townboundaries.Towns
shall thereforebe delineatedaccordingto populationdensity.Altematively,if town or
localityboundariesexist,thesewill beusedasinputintothemodel.
• Individualcatchmentareasaroundeachtownareimportantwithin rural regions.These
catchmentsoften link the populationsoutsideof towns with the town and necessary
services.For planningpurposes,therefore,it is importanto,considertherequirementsof
thesurroundingregions.
• As each administrativeagencyuses the boundariesto facilitatethe distributionof
.resources,thedistancetravelledalongtheroadnetworkwithina unitwill becrucialfor
determiningfunctionaladministrativeboundaries.TheABS specifiesthatfor CCDs tobe
effectiveascollectiondistrictsit mustbepossiblefor censuscollectorsto covertheentire
areaofthe CCD withina two-dayperiod(ABS, 1996;Blanchfield,2001).
• Largetopographicfeaturesthat'forronaturalbarriersbetweencommunities houldbe
preserved.As Morphet (1993)explains,major topographicfeaturesnot only present
barriersthat limit routing, but they often segmentdemographicclasses.It is thus
importanto ensurethatmajortopographicalbarriersarepreservedin orderto facilitate
accuratestatisticalanalysis.
• As outlinedin section7.1 road centrelinesare importantin the delineationof rural
administrativeboundaries.In thepast,roadcenterlineswereusedasdividingfeaturesin
thedelineationof CCDs, oftendividingcommunitiesandcombiningthemwiththeouter
rural regions. Consequently,the overall aggregationof populationstatisticsto the
boundariesreflecteda demographichomogeneitybetweenunitswhenin facttheywere
very different. This researchprojectutilisesroadcentrelinesas unitingfeaturesin the
rural landscape.The additionalbenefitof incorporatingroadcentrelinedataas uniting
featuresin administrativeboundarydesign,is theimplicitrepresentationof majornon-
traversabletopographicalbarrierssuch as mountainsand rivers (Zoltnersand Sinha,
1983).
• To ensurecompletecoverageacrossthe region, the newly formed administrative
,boundarylayershallbecontiguousacrossthestatewithoutgapsor overlaps.
8 Prototypedevelopment
8.1 Algorithmmechanics
The imp'lementationof a spatialhierarchyrequiresa technicalsolution.This sectionof the
paperdetailstheboundary-allocationprototypethathasbeendeveloped.Theworkingsof the
prototypearehiddenfromtheuser.An algorithmrunsthrougha seriesof routinesensuring
thattherequirementsof agenciesaremetoSteps1-3outlinethedatasetsrequiredasinputto
the prototype.Steps4-6 detaileachof the decisionsand processesoperatingbehindthe
prototype.
Step 1: Rural regions (input1)
To obtaintheruraldatait is importanto filteroutanyregionsthatareclassifiedasurbanoIn
thisresearch,predefinedlocalityboundariesareusedto filterouttheurbanareas.Thelocality
bou.ndarieshavebeenobtainedfromLandVictoria,whichmaintainsa representationof the
State'ssuburb,town and rural-districtboundaries.The datasetcontainsrepresentationsof
suburb,town and rural-districtnamesand boundariesas approvedby the Registrarof
GeographicNamesandpublishedin theVictoriaGovernmentGazette(LandVictoria,2001).
(SeeFigure7.)To preparethedataasinputintotheprototypetheroadlayeris clippedbased
on theselocalityboundaries.As a result,themetropolitanmodel(Eaglesonetal., 2002)can
be used,to designboundarieswithin the metropolitanregions,whilst the remainingrural
regions can be segmentedbased on the rural model as detailed in the prototype.
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Figure 7. LocalitY boundaries in Victoria
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Step 2: The road network (input 2)
As discussedin section 7.3, the road network is fundamentalto the design of rural
administrativeboundaries.Withintheprototype,theroadnetworkis convertedto a grid,and
eachcell within thegrid is assignedan impedaneevalue.This valueis a unitmeasurement
thatdepictsthecostinvolvedin movingthrougheachcell. Thevalueof eachcell in thecost
gridis assumedto representhecostperunitof distanceof passingthroughthecell,wherea
unit distancecorrespondsto theeell width(ESRI, 2001).Within themodel,the impedance
valueis assignedbasedon theroadhierarchy,wherehighwaysare1,majorroadsare2 and
minorroadsare3.
Step 3: Cadastre (input 3)
Within this researchpaperthe cadastreis usedas the baselayer for all administrative-
boundarydesignoThe followingpointshighlighttheimportanceof thecadastreas an input
layerintotheboundaryallocationprototype: •
• A spatialhierarchycan only be brokendown to the smallestunit from which it is
composed.From an administrative-boundaryperspective,this smallestunit is the .
cadastrallandparcelo
• .DaleandMcLaughlin(1988)argue:"Dueto thefactthatalmostall activitiestakeplace
withina landparcel,it makessensethatthisparee!shouldformthebasiespatialunitfor
social,eeonomie,administrationandotherboundaries".
• It wouldbe impracticalfor anyparcelto bedi~sectedby an administrationboundaryas
thiswouldrendertheparce!with two postcodesor two collector-districtnumbers.Hugo
et al. (1997)reinforcethe usageof thecadastreas theprimaryunit on thebasisthat
cadástralboundariesarealreadyunequivocallydeterminedon theground.The abilityto
identifytheboundariesonthegroundis animportantfactorasboundarieswill beusedto
facilitatethecollectionof dataincludingdisplayanddissemination.To ensuremaximum
efficiencyof the cadastrewithin the model,it is thus importantthatthe cadastreis
accuratelymaintainedandthateachparcelis structuredasapolygon.
Oncetheinputdatahasbeenpreparedasdetailedabove,theboundary-allocationalgorithm
canberon.This algorithmis detailedin steps4-6below.
Step 4: Cost-distance allocation
The boundary allocation algorithm firstly initiates the ESRI-developedcost-distance
subroutine.This subroutinecalculatesthe least-accumulative-costdistanceto a designated
sourcefor eachce11.
The subroutinerequirestwo inputgrids.The first inputgrid is a sourcegrid.In this instance
thesourcegridis thetown;however,agenciescouldusetheirdistributionpoints.Thesecond
inputgridis a costgrid.For thepurposeof thisapplication,thecostgridis basedontheroad
networkincorporatingthecostsassociatedwithtrave11ingalongtheroadnetwork.
Using both the sourceand cost grids, the algorithmis then able to calculatethe least-
accumulative-costdistance,assigningeachelementof the road networkto a town. To
determinethe accumulativecostof movingfrom ce11sin theroadnetworkto ce11sin the
sourcegrid, thealgorithmutilisesa node-and-linkce11representation.In thenode-and-link
representation,eachcentreof a ce11is consideredanode,andeachnodeis connectedby links
to itsadjacentnodes.(SeeFigure8.)
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Figure 8. Nodes and Iinks: a view of a grid throughgraph theory (ESRI, 2001)
Creating'anaccumulativecost-distancegridusinggraphtheoryis aniterativeprocess.In the
first iteration,the sourcece11sareidentifiedandassignedthevaluezero,sincethereis no
accumulativecostto returnto themselves.Next,a11thesourcecell's,neighboursareactivated,
anda costis assignedto the links betweenthesourcece11's nodesandtheneighbourhood
ce11s'nodes based on accumulative-costformulas.(See ESRI, 2001.) Each of these
neighbourhoodce11sare thenassigneda valuebasedon the accumulativecostto reacha
source.The accumulativevaluesarearrangedin a list fromthelowestaccumulativecostto
thehighest.The resultof this processis a grid identifyingwhich ce11swill be allocatedto .
whichsourceonthebasisofthe lowestaccumulativecosttoreachasource(ESRI, 2001).
By takingthisapproach,eachsegmentof theroadnetworkis allocatedtoa townbasedonthe
mostcost-effectiveroutealongtheroadnetwork.
Step 5: Road proximity boundaries
Fo11owingtheassignmentof roadsegmentsto distributionpointsin step4, a roadproximity
gridis established.Eachce11is assignedthevalueof thenearestroadnetworkfeaturetocreate
the grid. Oncethe grid is established,theboundary-allocationalgorithmconvertsthegrid
fromarastertoavectorshapefile(Figure9).
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Figure 9. Boundaries are established tor
each distributionpoint.
Figure 10. Boundaries tormed in step 5
alignedwith the cadastre.
Step 6: Boundary Alignment
To finalisetheboundariesotheyarepracticalandwell definedontheground,theboundary-
alignmentsubroutinealignstheboundariesdesignedin step5 withthecadastre.This process
facilitatesthe alignmentof boundariesfrom the smallestspatialunit, in this instancethe
cadastre,tothenewlyestablishedboundaries.(SeeFigure10.)
Once the boundary-allocationalgorithmhas beenrun, the resultis a new administrative
boundarylayer.This layercanbeusedasaninputlayerfor thenextadministrativeboundary
layer,asrequiredby theoperator.At thispoint,theoperatormayaddadditionaldatasetsor
criteriato theboundary-allocationprocess,meetingthenextsetof requirementsatthenext
layerofthe hierarchy.
.
8.2 Advantages of automated boundary design within an HSR-based model.
Hierarchicalstructuresare imposedon spaceto facilitateefficieutspatialreasoning.The
approachadoptedwithinthisresearchwastoutiliseandexpanduponcurrentHSR theoryfor
thepurposeof administrative-boundarydesignoAs discussedin section3.5,in thepast,HSR
theoryhaspredominant1yfocusedon zero-andone-dimensionalstructures.The designof an
administrative-boundaryhierarchyis threedimensional,however,andmustincorporatethe
propertiesof the zero- andone-dimensionalstructures(suchas thetown regionsandroad
networkstructures),whichthroughtheprocessof aggregation,becomeembeddedwithineach
subsequentlayer of the hierarchy.It is importantto note that from the data-analysis
perspectivethe behaviourof a layer within the hierarchyis often a reflectionof the
relationshipbetweenelementsandlower-dimensionalhierarchiesthatareembeddedwithinit.
In orderto complywith HSR theory,theprototypehasbeenderivedusinga modelthrough
whicha flatnon-hierarchicalsystem(Le.cadastre)canbetransformedusingbusinessrulesin
thedevelopmentof new administrationboundaries.The deve10pmentof theruralprototype
demonstratesthebenefitsof automatedboundarydesignaseachnewboundaryunitis created
in a co-ordinatedsystematicandrigorousmanner.Additionally,theprocessis repeatableand
canbeusedto generatehigher-orderboundarylayersdependinguponagencyconstraints.
In comparisonto themetropolitanmodelderivedin earlierresearch,whichwasbasedonthe
iterative'aggregationof units,thisalgorithm,derivedfor theallocationof ruraladministrative
boundaries,is unique.The modelis basedon a rasterdatastructure,whichis fastto operate,
andtakesinto accountmanyof theconstraintsapplicableonly in sparselypopulatedrural
landscapes.As a result,thealgorithmaimsto complementpreviousresearchandfacilitate
effectivedatamanagementso thatthefull potentialof geospatialdatacollectedwithinrural
environmentscanberealised.
8.3 The ModifiableArea Unit Problem
Th~MAUP is classicproblemassociatedwith the designanddisplayof boundaries.The
MAUP is "a formof ecologicalfallacyassociatedwiththeaggregationof dataintoarealunits
for geographicalanalysis.This aggregatedatais thentreatedas individuals in analysis"
(OpenshawandTaylor, 1981).An exampleof thisprocessis censusdata,whichis collected
from everyhouseholdbut releasedonly at CCD boundaries.When valuesare averaged
throughtheprocessof aggregation,variabilityin thedatasetis lost,andvaluesof statistics
computedatvariousresolutionswill bedifferent.This is calledthescaleeffect.Additionally,
thedataanalystgetsdifferentresultsdependingonhowthespatialaggregationoccurs.This is
calledthezoningeffect.This problemis integralto thedisplayof demographicdataasthe
informationdisplayedis a productof the size, shapeand scale of the administrative
boundariesusedin thedatacollection(FotheringhamandWong, 1991).In thepast,because
boundarieswere assumedto be fixed, researchershad to use whateverboundarieswere
available(Openshawet al., 1998).Consequently,theuserhasHttle,if any,controloverthe
MAUP.
It is expectedthattheproposedhierarchical-reorganisationmodelwill allow GIS analyststo
havegreaterflexibilityoverthelevelof aggregatíonandzoningconfigurationof spatialunits
usedin analysis.Using a commonbaselayer,themodelallows analyststo startfrom the
smallestdivisionsavailable,or thesmallestheycanprocessandaggregatethesein a fashion
relevantto their investigation(OpenshawandTaylor, 1979).This freedomto re-aggregate
spatialunits gives the GIS analystgreatercontrolover the MAUP, which has not been
possiblein thepast.
8.4 ImplementationIssues
Theaimof thisresearchprojecthasbeentodevelopnewmethodsthroughwhichspacecanbe
dividedintoadministrativeboundariesin a structuredmanner.In undertakingthisresearch,it
hasbecomeclearthatit is possibleto alignadministrativeboundariesbasedon HSR theory.
This wasfurthersupportedbythedevelopmentof prototypesfor theautomatedelineationof
administrationboundariesusing GIS in both urbanand rural environments.Whilst the
theoreticalframeworkis strong,therearesometechnicalandinstitutionalissuesrequiring •
furtherinvestigationtoensurethemodelcanbeeffectivelyimpl.emented.
Technicallssues
As establishedin section3.4,theboundary-allocationalgorithmfor theruralapplicationis
requiredto meetthecriteriaof thetwo agenciesunderinvestigation;i.e. AustraliaPostand
theABS. Froma practicalperspective,theboundary-allocationprogrammeetsthesecriteria.
The towncatchmentareasareincorporatedwithinthecost-distancealgorithm(step4). The
boundariesarecontiguousandcomplete,withoutgapsor overlaps,andonceclippedto the
cadastre,theyareidentifiableontheground.
Froma mathematicalperspective,however,theboundaryallocationprogramdoesnot fulfil
thecriteriaof distanceto betravelledby anagency.Thereasonfor this is thateachboundary
is establishedbasedonthepositionof thetown.Practically,thesolutionto thiswouldbefor
theprogramto assignanewpointsourceof distributionfor theagency.Duetothesparseness
of the rural landscape,however,it is not practicalfor agenciesto setup new distribution
pointsin sparselypopulatedregions;andtherefore,it is morepracticalfor theagencyto be
flexiblewiththiscriterion.
Themodelderivedin thisresearchis highlydependentuponaccurateandcurrentdatasetsas
inputfor dataanalysis;however,it is recognisedthatthislevelof datasophisticationmaynot
alwaysbe availablefor boundarydesignoAlternativemethodsof boundarydesignmaythus •
berequiredto automatetheboundary-designprocessin regionswhereaccuratespatialdata
does not existoSimilarly, thesemodelsmust be flexible so that, as datadoes become
available,it canbeincorporatedwithinthemodel.
Technologyis impactingtheway agenciesdo business.For examplethe Internethasbeen
suggestedasa futuretool to conductcensuses(Mobbs,1998).If theInternetdoesbecomethe
primarysourceof datacollection,theboundary-delineationcriteriaadoptedfor establishing
boundarieswill no longerneedto considerthedistanceandtimetakenby censuscollectors.
The methodestablishedfor boundarydesignwill thusneedto containa mechanismfor
recordingboundarychangeover time,allowinganalyststo trackchangesand accomplish
moreaccuratetime-seriesanalysisthancurrentIyavailable.
Additionally,futureresearchis requiredto understandthesocialrelationshipsbetweenrural
communitiesandtheirspatialboundaries.As a resultof thisresearchit is anticipatedthatthe
modelwill berefinedto incorporatesocialissuesin boundarydelineation,suchastheidentity _
of placeandspatialcognition.
Institutionallssues
Developinga technicalsolutionalonecannotensurethedevelopmentof a statewidehierarchy
of administrativeboundaries.Unless institutionaland political issues are addressed,
administrativeboundarieswill continueto be developedby individual agencies,further
compoundingthespatial-hierarchyproblem.In ordertobeginaddressingtheseissues,abetter
understapdingof thecomplexnatureof SDIs is requiredtogetherwith an extensionof their
currentfunction so as to promotethe implementationof new methodsfor designing
administrativeboundaries.
Additionally,it is proposedthat incentivesfor agenciesto participatein the hierarchical
designframeworkneedto be established.Theseincentivesmayincludetheaccreditationof
agenciesestablishingboundarieswithin the hierarchystandardand/or benchmarking
administrative-boundaryhierarchiestoassessthecomparativeffectivenessof thesystems.
9 Conclusion
This paper identifiescurrentproblemsassociatedwith incongruentboundarysystems.In
responseto theseproblemstheprimaryobjectiveof thisresearchhasbeento developa new
methodthroughwhich spacecanbe dividedinto administrativeboundariesin a structured
manner.In contrasto metropolitanregions,theattributesof therural landscapearevastly
different.As a result,themodeldevelopedaimsto incorporatethedifferencesin therural
landscapealongwith agencyrequirementsfor theeffectivedevelopmentof a rural spatial
hierarchy.
The proposedsolution involvesthe reorganisationof the spatialenvironmentusing the
propertiésof HSR theory.To achieveanadministrativeboundaryhierarchy,thepropertiesof
HSR theoryhavebeenextendedto incorporatethecomplexitiesof zero-andone-dimensional
pointandlinedatastructureswithinathree-dimensionaldministrativeboundaryhierarchy.
This modelhasbeenformalisedwithin theGIS environmentby automatingtheprocessof
administrative-boundarydesignoBy usingthisapproach,it is anticipatedthatadministrative,
politicaland commercialmarketingboundariescanbe formedthroughthe aggregationof
smallerunits,wherethesmallestspatialunitis thelandparceloImportantly,thissystemwould
enablerapidandefficientcrossanalysisbetweendatasets.
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